ABSTRACT: A survey of the gross alpha radioactivity in drinking water from wells and bore holes in Sokoto city was carried out. Forty samples were drawn at random from locally dug wells and bore holes in Sokoto city, Northern Nigeria. The samples were analyzed using the Eurysis system-eight channel gas filled proportional counter. The result shows that the range of alpha activity varied from 0.01 to 6.00Bq/L, with a geometric mean of 0.26Bq/L. Seventy five percent (75%) and 25% of alpha activity were respectively below and above the USEPA contaminant limit of 0.55Bq/L radioactivity in water. Thirty two and half percent (32.5%) and 67.5% of the alpha activity were respectively below and above the contaminant limit of 0.5Bq/L, as set out by WHO. The gross alpha effective dose was 0.068msv/y (WHO range is 0.04-0.1mSv/y).
INTRODUCTION
Water is one of the most important natural resources and demand for it is on the increase. Skillful management of water body is therefore required if it is to be used for diverse purposes (Habila, 2008) . About 95% of all fresh water on earth is ground water found in natural rock formations (Brassard, 1996) .
Water pollution is the contamination of the water bodies such as lakes, rivers, ocean and underground water by human or natural activities which can be harmful to organisms and plants (Krantz and Kifferstein, 2009 ). Many causes of water pollution include: sewage, nitrates and phosphates fertilizers, petroleum and refinery wastes, mining wastes, radioactive substances and toxic chemicals. Ground water pollution is much more difficult to abate than surface water pollution because ground water can move great distances through unseen aquifers (Daniel, 2006) . Water pollution is the major problem globally. According to Larry (2006) , water pollution is the leading worldwide cause of death and diseases, and that it accounts for the deaths of more than 14,000 people daily. Estimate also suggested that 1.5 billion people lack safe drinking water and that at least 5 million deaths per year can be attributed to waterborne diseases (Krantz and Kifferstein, 2009 ).
Most of the sources of water supply in Nigeria are upland surface water or groundwater from boreholes and hand dug wells. The earth's crust contain naturally occurring radioactive materials (terrestrial radioactivity), which increases with depth (Kozinski, 1995) .These radioactive materials occur naturally and of most concern are the uranium series, thorium series and their progeny (radon and thoron). Because of this, drinking water from deep wells and boreholes are likely to contain a higher concentration of radioactive elements than surface water (Tajudeen, 2006) . Spring or flowing water, passes through rocks that contain many radioactive materials and it could be transported into wells, boreholes and taps water through burst pipes. Important radionuclides in drinking water are tritium, potassium-40, radium and radon, which are alpha beta and gamma emitters (Tajudeen, 2006) . Not much work has been done on measurement of radioactivity in water in Nigeria. Onoja (2004) determined gross alpha activity in well water from Zaria area and reported geometric mean values of 6.32Bq/m 3 for alpha activity. Tajudeen (2006) from work in Gwammaja area of Kano metropolitan city reported geometric mean values of 3.99Bq/m 3 for alpha activity. Habila (2008) surveyed the gross alpha radioactivity in wells and boreholes from Jos city and reported alpha activity of 0.1 to 6.05 Bq/L, with a geometric mean of 0.68Bq/L. These are far below the contaminant limits of radioactivity in drinking water, as set by the 1976 National interim regulations USEPA of 500Bq/m 3 for alpha and WHO which is 0.10Bq/L for alpha. Avwiri and Agbalagba (2007) There is evidence from both human and animal studies that radiation exposure may increase the long term incidence of cancer and that the rate of genetic malformations may be increased by radiation exposure (Otton, 1994) . It is therefore important to determine the amount of radioactivity in drinking water available so as to guard against its health hazards.
The process of identifying individual radioactive species and determining their concentration requires sophisticated and expensive analysis, which is normally not justified, because the concentrations of radionuclides in most circumstances are very low. A more practical approach is to use a screening procedure, where the total radioactivity present in the form of alpha and beta radiation is first determined, without regard to the identity of specific radionuclides (WHO, 2006) .
Screening levels for drinking-water below which no further action is required are 0.5 Bq/litre for gross alpha activity and 1 Bq/litre for gross beta activity. The screening level for gross alpha activity is 0.5 Bq/litre (instead of the former 0.1 Bq/litre), as this activity concentration reflects values nearer the radionuclide-specific guidance RDL (WHO, 2008) . This paper presents alpha activity in Bq/L for water from boreholes and wells from Sokoto city, as compared to USEPA maximum contaminant limit of 0.55Bq/L and WHO maximum contaminant limit of 0.5Bq/L. These results will therefore form a base-line data of radioactivity in drinking water for the Sokoto city.
Geography and Geology of the Study Area
Sokoto is a city located in the extreme northwest of Nigeria near to the confluence of River Sokoto and the River Rima. Its geographical coordinates are longitude 12 o 55 / 02 // N, and 13 0 10 / 05 // N and latitude 5 o 09 / 18 // E and 5 0 17 / 24 // E. The city has a population of about 583,039 with an average population density of about 300 people per square kilometer (NBSN, 2010) . The Sokoto Basin is Nigeria sector of extensive Iullemmeden Basin. It predominantly consists of a gently undulating plain with elevation varying from 250 to 400 meters above sea level. The area is marked by high drainage density stream dissection resulting in deeply incised ravines. The major stratigraphic subdivisions recognized (Figure 1) Phosphates show features of an epicontinental setting. A unique set of conditions favored the accumulation of phosphates availability of phosphorus in excess of normal in the shallow marine waters, tectonic setting, structural setting and post-depositional history. Deposition of phosphates was in the periods of changing tectonism in the Paleocene (Nwabufo, 2004) . The research area (Sokoto city) falls in the Sokoto Group [Paleocene] .
MATERIALS AND METHOD Sample Collection and Preparation
Forty water samples were collected from different location using the stratified random sampling technique. The samples were prepared and analyzed at the Center for Energy Research and Training, Ahmadu Bello University, Zaria, Nigeria.
The sample efficiency, background measurements and plateau test were carried out using standard methods (ASTM, 1995) . 
Counting
The gross alpha counting equipment used in this work was a Eurisys System low Background multiple channel (eight) alpha and beta detector. The equipment is a gas flow proportional counter with 450μg/cm 3 thick window of diameter 60mm. It allows simultaneous counting on eight 300mm or 55mm diameter samples. Alpha (α) and beta (β) activity measurement on compound sources can be selective, sequential or simultaneous. The procedure involves entering the present time, number of cycles and the operational voltage. Also the count characteristics (channel efficiency, and background count rate), volume of sample used and sample efficiency were entered.
Gross alpha counting
For gross alpha counting, selective measurement was adopted. High voltage of 1650V was used, and samples were counted for 5 cycles of 2700 sec per cycle. The alpha count rates as well as alpha activity were calculated using the formula (ISO, 1992). 
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Data presentation Alpha activity
The alpha activity is expressed as activity concentration C in Becquerel per liter (Bq/L). The activity concentration was calculated using the formula (ISO, 1992)
Where; Rb is observed sample count rate (S -1 ), Rs is observed standard count rate (S -1 ), R0 is background count rate (S -1 ), V is volume of sample in liters, and m is mass in milligrams of ignited residue from volume V. It is important that the factor 1.02 be included in the final equation to correct for the 20ml of the nitric acid added to the sample as a stabilizer. Table 2 shows the gross alpha activity concentration. The range of alpha activity was found to be 0.01Bq/L to 6.ooBq/L with geometric mean of 0.26Bq/L. From the result obtained for different places in Sokoto, 75% of alpha activity is below the contaminant limit of 0.55Bq/L for alpha (USEPA, 1976) , while, 25% of alpha activity is above the contaminant limit. Furthermore only 27.5% of the alpha activity is below the contaminant limit of 0.5Bq/L, as set out by WHO, while 72.5% of the alpha activity is above the contaminant limit. Comparing the value of alpha activity found in Sokoto with 0.0063Bq/L obtained in Zaria (Onoja, 2004) , and 0.0039Bq/L in Kano (Tajudeen, 2006) , that of Sokoto is relatively higher. However, the mean alpha activity obtained in Jos (0.68Bq/L) by Habila (2008) Figure 1 is the distribution of alpha activity and shows few elevated alpha activities. This may be due to the composition of geologic formation of the surveyed area. From Figure 2 , it can be seen that the distribution of alpha activity is skewed towards the left. This indicates that most of the areas have low alpha activity. 
RESULT AND DISCUSSION
CONCLUSION
It may be concluded that while water from some boreholes and wells in Sokoto meet the recommendations of the USEPA and WHO, some do not meet the USEPA and WHO standard. Therefore, there is the need for determination of radionuclides responsible for the high activity concentration in the water of the affected areas. 
